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Description 

I. Background of the Invention 

5 The present invention relates to DC magnetron sputtering processes and related apparatus. More particularly, the 

present invention relates to apparatus and processes for high rate, uniform deposition and formation of thin films, such 
as refractory metals and/or oxides, nitrides, hydrides, carbon-containing compounds and other compounds and alloys 
of such metals, and also to the deposition and formation of composite films. Because the process and apparatus ot 
the present invention are designed to satisfy the stringent requirements of optical coatings, they are applicable as well 

10 to a number of other coating applications having less rigorous requirements. 

II. Description of the State of the Conventional Technology 

DC magnetron reactive sputtering has been developed in recent years as a technique or producing layers of 

'5 dielectric materials, particularly metal oxides, and oxide semiconductors particularly indium tin oxide. The technique 
has advantages compared with the RF magnetron techniques for sputtering dielectric materials directly in that depo- 
sition speed gains can be realized, and production equipment is less costly, safer, and easier to control. 

It is the conventional wisdom in the coating technology that any process which seeks to take full advantage of the 
D.C, magnetron sputtering technique and to avoid its potential disadvantages must preferably use partial pressure 

20 separation of the substrate and sputtering cathodes. Several approaches have been proposed for implementing partial 
pressure separation. See, for example, Hartsough US-A- 4,420,385; Schiller et al "Advances In High Rate Sputtering 
with Magnetron-Plasmatron Processing and Instrumentation", TSF 64 (1979) 455-67; Scherer et al "Reactive High 
Rate DC Sputtering of Oxides", (1 984); and Schiller et al "Reactive DC Sputtering with the Magnetron-Plasmatron for 
Titanium Pentoxide and Titanium Dioxide Films", TSF 63 (1979) 369-373. 

25 The Scherer technique employs cathodes baffled in such a away as to create an oxidation zone located directly 

over the sputtering zone. In all other regards, this technique is not directly relevant to our invention as it is designed 
to deposit material in a single pass and also in that the oxidation of the metal vapor takes place as it is deposited. The 
Schiller and Hartsough techniques alternate a substrate between a sputtering cathode and a reactive gas sorbtion 
zone, which is the more effective technique for achieving pressure separation. The most complete description of this 

30 partial pressure technique is coritained in the Hartsough patent. The Hartsough patent discloses the formation of non- 
optical quality wear-resistant aluminum oxide coatings on a disk by rotating the disk past a single sputtering deposition 
zone and a single oxidizing zone. The entire volume outside the sputtering zone is used as the reaction or oxidation 
zone, thus the boundaries of the two zones are in contact. Extremely tight baffling between the sputtering cathode and 
the substrate carrier is required to avoid migration of the reactive gas into the deposition zone. This limits the pressure 

35 available for oxidation. Also, the deposition rate available using this approach is inherently limited by the oxidation rate. 
That is, as the power to the cathode is increased to increase the metal sputtering rate, the table rotational speed must 
be Increased so that the optimum thickness of material is deposited within the deposition zone. However, as the trans- 
lational speed of the table is increased, the dwell time within the oxidation zone decreases proportionately, with the 
result that in the limit there is insufficient dwell time within the reaction zone to completely oxidize the metal layer. 

40 The above-described partial pressure technique has at least three additional serious disadvantages. First, if one 

or more additional sputtering cathodes were required for the purpose of providing the capability to deposit in the same 
apparatus in the same vacuum cycle other materials, the reaction time per translation cycle would be proportionately 
reduced by the number of additional cathodes. 

Second, the deposition rate for each material would be proportionately reduced. The technique as described per- 

-^5 mits only one reaction volume which is always effective and thus precludes the simultaneous deposition of two different 
metal oxides or other compounds or a pure metal and a compound. 

Finally, the annular rotating arrangement with its requirement for a specially shaped magnetron sputtering target 
places severe restrictions of the achievable film thickness uniformity such that for optical thin film practice the useable 
portion of the apparatus described would be a narrow annular region. 

50 It is obvious then that for the production of multi-layer optical filter devices In even modest commercial volumes 

the described prior art approach is unsuitable. Also, it can be shown that this approach because of the disadvantages 
descibed if applied to the practical production of multi-layer optical devices would have no greater throughput than a 
conventionally-operated RF Magnetron apparatus of the same size and configuration. 
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III. Summary of the Invention 

A. Characteristics of Deposition and Reaction Zones 

5 This invention provides a sputter coating apparatus comprising: a vacuum chamber; a movable substrate support 

mounted within the vacuum chamber and adapted for mounting substrates thereon for moving the substrates past at 
least first and second physically spaced work stations, the first work station providing a sputtering zone and the second 
work station providing a reaction zone for the sputtered material formed in the first work station; wherein a magnetron- 
enhanced sputter device is positioned at the first work station and includes a target of selected material and means 

70 for generating a first plasma within the device, adjacent the work station and substantially throughout an extended 
region of the chamber including the physically spaced second work station for sputter depositing material on the sub- 
strates traversing the first work station; and wherein an ion source device is positioned at the second work station to 
apply a reactive gas along a relatively narrow zone adjacent the substrate support formed by a second locally intense 
plasma comprising ions of the reactive gas, the ion source device having means for applying a directed potential 

^5 between the ion source and said one plasma for accelerating the reactive ions thereof to said substrates for completing 
said selected reaction with the sputter-deposited material during a single pass of the substrate support. 

The invention also provides a process for forming single layer films and multi-layer composite films on substrates, 
in a vacuum chamber having a movable substrate support therein a first work station having a sputtering zone and a 
second work station having a reaction zone for the sputtered material formed on a substrate in the first work station; 

20 wherein at least one magnetron-enhanced sputter device is positioned in the first work station adjacent the substrate 
support for sputter depositing a selected material a substrate, and in which at least one ion source device is positioned 
adjacent the substrate support at the second work station for providing a locally intense plasma to effect a selected 
chemical reaction with said selected material, the process comprising the steps of pulling a vacuum in the chamber; 
introducing working and reactive gases into the chamber; continuously moving the substrate support past the devices; 

2S Operating the sputter device with an associated relatively low partial pressure of the reactive gas to deposit a layer of 
said selected material on the substrate; and operating the ion source device with an associated relatively high partial 
pressure of reactive gas to complete substantially the selected reaction during a single pass of the substrate support. 

In a preferred embodiment of the invention both deposition and reaction are effected in long narrow axial zones 
adjacent the periphery of a moving substrate carrier and this is a fundamental difference over the prior art. Our reaction 

30 is effected by a means of highly intense plasma in a highly efficient manner at high reactive gas pressures in a long 
narrow zone, isolated physically from the metal deposition zone by a region of relative low pressure. Through the use 
of a reactive ion source configured to produce an elongated uniform high intensity ion flux adjacent the periphery of 
the carrier for generating an intense reactive plasma from oxygen or other reactive gas, such as the linear magnetron, 
or suitably configured ion gun, the high pressure reactive volume is substantially comprised of highly energetic gas 

35 Species, which greatly shortens the time required for the reaction. A further resulting advantage of this technique, thus, 
is that the technique is not limited to reactive gases such as oxygen, for compounds can be formed using less reactive 
gas species such as nitrogen, hydrogen, gaseous oxides of carbon, etc., to form nitrides, hydrides, carbides, etc. The 
invention overcomes all of the above-mentioned disadvantages of the prior art and affords further advantages in that 
considerable deposition speed increases can be realized through the use of multiple stations. The available reactive 

<o gas pressures and deposition rates are well above the practically attainable deposition rates using prior art equipment. 
Curved substrates can also be coated due to the elimination of the requirement for tight baffling. 

We provide below examples of applications which highlight the practical value of the fundamental differences 
between our invention and the prior art. 

45 B. Present System and Operation 

In a presently preferred approach for forming thin film coatings including refractory metal coatings and optical 
quality dielectric coatings such as metal oxide coatings, our invention uses an in-line translational processing config- 
uration, or a cylindrical processing configuration in which substrates are mounted on a rotating cylindrical drum carrier, 

50 or on a rotating planetary gear carrier, or on a continuous moving web. The substrates are moved past a set of process- 
ing stations comprising (1 ) at least one preferably linear cathode plasma generating device (e.g., a planar magnetron 
or a Shatterproof rotating magnetron) operating in a metal deposition mode for depositing silicon, tantalum, etc., alter- 
nated or sequenced with (2) a similar device such as a planar magnetron operating in a reactive plasma mode, or an 
ion gun or other ion source configured to produce an elongated uniform high intensity ion flux adjacent the periphery 

55 of the carrier, for generating an intense reactive plasma, using oxygen or other reactive gases including but not limited 
to nitrogen, hydrogen or gaseous oxides of carbon. The arrangement provides long narrow zones for both deposition 
and reaction with complete physical separation of the zone boundaries. When similar magnetron cathodes are used, 
one is operated using a relatively low partial pressure of the reactive gas (such as oxygen) to provide the metal dep- 
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osition mode while the other is operated at a relatively higher reactive gas partial pressure to generate the intense 
reactive plasnna for oxidation, etc. 

The substrates and cathodes may be located Inside or outside (or both) the drum. Also, the arrangement is scalable 
In that a multiple number of cathodes/ion guns can be used in each processing station set to increase the deposition 
rates and the number of materials formed. Various processing station arrangements can be provided in a chamber for 
depositing and oxidizing different metals separately, sequentially or simultaneously. As one example, four stations can 
be selectively arranged and sequentially operated to perform the sequence tantalum deposition, oxidation, titanium 
deposition and oxidation, to quickly form alternating layers of Ta205 and TIO2. 

In our process, the relationship between the power of the deposition cathodes and the speed of rotation or trans- 
lation of the substrate can be tailored so that in each pass, a deposited thickness of one or more atomic layers can be 
obtained. By adding additional cathodes of other materials, and by adjusting the power to each cathode, effectively 
alloys can be created of any desired ratio. For example, NiCr can be formed in any desired ratio from cathodes of Ni 
and Cr, over large areas, simply by adjusting the relative power to the cathodes. By adding oxidation stations, one can 
form complex oxides such as barium copper yttrium oxide, forms of which are known to be superconducting. 

C. Summation of Certain Practical Advantages of the Present System 

The cylindrical rotating geometry used in our sputtering system combined with the linear/planar magnetron sput- 
tering stations and reactive plasma stations provide fast, uniform deposition of optical quality coatings on large volumes 
of both flat and curved parts. Parts such as tubes or polygons can be coated uniformly around the entire periphery 
thereof by incorporating a double rotating, planetary gear mounting arrangement. Additionally, we have deposited 
uniform coatings onto complex shapes such as lamp glass envelopes. Also, the application of the sputtering stations 
and reaction stations to translational systems provides fast, high throughput, uniform deposition of optical quality coat- 
ings on large flat substrates such as glass panels. The efficiency of the metal mode deposition in providing high dep- 
osition rates for a given power input coupled with the spreading of the deposit and heat over a large number of sub- 
strates/large drum surface area provides a unique combination of high deposition rates and low substrate heating 
which permits the high rate formation of coatings on even plastics and other low melting temperature materials. 

To provide a basis for comparison, conventional DC reactive oxide sputtering processes provide oxidation rates 
< 10 x lO'i^m/second (10 Angstroms/second) off the target, while process provides formation rates of about 100-150 
xlO-iOnrVsecond (100-150 Angstroms/second) forTagOg and about lOOx 10-iOm/second (100 Angstroms/second for 
Si02. 

In one specific aspect, our invention eliminates a major difficulty associated with the prior art vacuum deposition 
of multilayer and single layer thin films on spherical, cun/ed and non-uniform, unconventional shaped substrates, by 
rep roducibly forming on such substrates durable, high-quality coatings having controlled thickness profiles of selected 
uniform or variable thickness. Previously, various techniques have been used in attempts to overcome the difficulties 
in achieving controlled deposition on curved and flat surfaces. For example, others have attempted to solve uniformity 
problems using either a multiple rotation of the substrate coupled with introducing an inert gas to "scatter" the cloud 
of depositing material or using a masking technique in which equalization of the deposition rate on the part is accom- 
plished by shadowing high rate regions to match low rate areas. Durability problems associated with the high deposition 
angle of incidence on curved surfaces can be solved by masking high angle regions. However, these strategies have 
significant difficulties. For example, scattering is limited to ZnS/MgF2 materials, which produce porous, soft coatings 
with poor abrasion and temperature durability. Hard coating materials such as metal oxides, when thermalized, suffer 
from reduced indices of refraction and poor film durability when made using the evaporation process. Masking increases 
coating chamber tooling complexity, especially for curved surfaces and complex curved surfaces such as bulbs, and 
reduces deposition rates. 

As suggested above, our invention overcomes these problems by using a simple axial rotary motion coupled with 
our high rate reactive sputtering scheme. Axial rotation produces uniformity along the equatorial axis and the inherent 
high pressures associated with sputtering provides a gas scattering effect for polar uniformity. The higher energies of 
the sputtered atoms are sufficient to overcome the thermalizing effects of the gas scattering and the films exhibits good 
durability. High rates are achieved by using the unique reactive sputtering scheme described above in which the sub- 
strates such as (but not limited to) bulbs are rotated alternately through a high rate metallic sputtering zone and an 
energetic reactive plasma. This combination of rotating cylindrical geometry, and planar magnetron deposition and 
reaction technology (or, more specifically, planar magnetron and reactive plasma technology) accomplishes the desired 
result: providing reproducible, highly durable, optical thin film coatings deposited at high rates and with controlled 
uniformity on a large surface area and/or a large number of flat or spherical or other cun/ed substrates, including 
unconventional substrates formed to a complex curvature and/or formed of low melting point materials. 

It is emphasized that, as used here in reference to the present invention, the phrase "controlled thickness profile" 
or "controlled uniformity" comprises not only the ability to deposit coatings of precisely uniform thickness on flat or 
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curved surface, but also the ability to vary in a controlied fashion the thickness of a coating deposited along a concave 
curved surface, to achieve desired design objectives such as spectral performance. 

IV. Detailed Description of the Invention 

5 

A. Single and Double Rotation. Rotary Systems 

Our present invention combines linear DC magnetron sputtering cathodes operating in a partial pressure separation 
regime and rotary cylindrical workpiece transport to provide a sputter deposition system which is capable of high rate 

10 formation of single or multi-layer optical films of materials such as. but not limited to, SiOa. TiOg and TagOg. This 
combination is achieved despite the previous incompatibility of linear magnetron sputterers and rotary workpiece trans- 
port and despite the inherent difficulty (as evidenced in the prior art) in implementing partial pressure separation. 

FIGS. 1 and 2, respectively, depict a simplified schematic perspective view and a horizontal sectional view of a 
single rotation embodiment of our magnetron-enhanced vacuum sputtering system. The illustrated sputtering system 

15 10 comprises a housing 11 which forms a vacuum processing chamber and is flanked on opposite sides of and con- 
nected to a suitable vacuum pumping system 12 shown in FIG. 2. The vacuum pumping system includes a cryopump 
or other suitable vacuum pump or combinations thereof for exhausting and pumping down the vacuum chamber via 
exhaust port 13. The system 10 also includes a cage-like drum 14 which is mounted for rotation about shaft 16 and 
has a cylindrical side which is adapted for mounting substrates 15 of various configurations and sizes. The substrates 

20 15 can be mounted directly on the drum 14, facing outwardly toward sputtering stations which are spaced about the 
external periphery of the drum or facing inwardly toward sputtering stations spaced along the internal periphery of the 
drum. 

Alternatively, and referring to FIG. 3, the system 10 may incorporate one or more double rotational motion planetary 
gear mounting arrangements 25, either in conjunction with or as a replacement for the drum 14. The double rotation 

25 planetary gear arrangements can be provided on the drum alone or in combination with the single rotation substrate 
mounting positions 15. The planetary gear arrangement mounts and imparts double rotational motion to articles such 
as tubes 18. The planetary gear system 25 may comprise a sun gear 19 which is driven by shaft 16. Alone or in 
conjunction with a ring gear (not shown), the sun gear 19 rotates the associated planet gears 21 about their own 
rotational axes 21 A as well as about the sun gear's rotational axis 16A. In the illustrated embodiment, the planet gear 

30 21 is operatively connected to a train of gears 22 which are mounted on shafts for rotation about their axes 22A. In 
turn, the tubes 18 are mounted on and rotate with the planet gear support shafts about axes 22A. As a consequence 
of this planetary gear mounting arrangement, rotation of drum 14 and sun gear 19 along reversible path 16P about 
axis 16A rotates planet gears 21 along path 21 P about axis 21 A, which is converted by the gear train into alternating 
rotation of tubes IB along paths 18P about axes 22A. This double rotary motion of the sun gear 19 and the planetary 

35 gears 21 enhances the ability to coat articles such as tubes uniformly about their entire circumference. 

Referring further to FIGS. 1 -3, in the illustrated embodiment, a plurality of magnetron-enhanced sputtering devices, 
designated generally by the reference numeral 30. are positioned about the outer periphery of the drum 14. In one 
exemplary embodiment, the station designated 26 is used to deposit material such as silicon whereas station 27 de- 
posits a different materia! such as tantalum and station 28 is used to react a gas such as oxygen with the substrates 

40 to convert the deposited metal layer(s) to oxide. Thus, by rotating the drum 1 4 and selectively operating the sputtering 
and reaction stations 26, 27 and 28, the metals and/or oxides thereof can be selectively formed on the substrate in 
essentially any desired combination. For example, by rotating drum 1 4 and sequentially activating the cathodes in the 
sequence 26, 26, 27, 28, system 10 can form a silicon layer a few atoms thick and oxidize the silicon to Si02, then 
deposit a layer of tantalum a few atoms thick and oxidize the tantalum to TagOg. This sequence can be repeated and 

45 altered as required to form a composite optical coating of layers of SiOg and TagOg of precisely controlled thicknesses. 
It should be noted that oxidation stations 30 such as the one at station location 28 can use a planar magnetron cathode 
similar to deposition stations 26 and 27, by substituting oxygen for the argon; or can use other Ion sources capable of 
generating a reactive ionized plasma, such as Ion guns or the linear magnetron ion source described below, or other 
devices which generate the required reactive DC or RF plasma. 

50 

B. DC Magnetron Sputter (and Reaction) Devices 

FIGS. 4 and 5 schematically illustrate one type of DC magnetron sputtering device 30 which is commercially avail- 
able from VacTec or other suppliers and can be used at station locations 26 and 27 and, optionally, at station 28, FIGS. 
55 1 and 2. The sputtering device 30 comprises a housing which mounts a cathode 31 and forms a front, reactive gas 
baffle 32 having an opening 36 which is selectively closed by shutter (not shown). Cathode 31 Is connected to a power 
supply 33 for applying a voltage of, e.g. -400 v to -600 v. to the cathode relative to the baffle 32, which is at anode 
potential (usually ground). Permanent magnets (not shown) are mounted within the cathode body for supplying a 
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magnetic field B of rectangular racetrack configuration along the surface of the target 34 and perpendicular to the 
applied electric field. Manifold tubes 37 are situated adjacent the target 34 and are connected to a source of gas for 
supplying reactive gas such as oxygen or an inert working gas such as argon to the sputter channber defined by baffle 
32 and target 34. The device is cooled by water which is supplied via inlet 36 and circulated to an outlet (not shown). 

5 The baffles 32 in the individual sputter devices 30 effectively divide the overall processing chamber 10, FIGS. 1 and 
2, into different regions or sub-chambers at each sputterer in which different gas atmospheres and/or gas partial pres- 
sures can be established. Improvements could be readily implemented where one or more additional pumps could be 
placed to improve separation between regions of reactive and non-reactive gases. 

Compounds, etc., such as oxide dielectric films can be formed using the linear magnetron sputter devices 30 at 

10 the sputter stations 26 and/or 27 and using a different type of device, such as the ion source 40 which is described in 
the next section, at reaction station(s) 28. Alternatively, one can use at least two baffled linear magnetron sputter 
devices 30 at the sputter stations 26 and/or 27 and at the reaction station 30. In both cases, the sputter device and 
the ion source device are enclosed in distinct partial pressure regimes or chamber regions between which the substrate 
is alternated by the continuously rotating drum. When baffled magnetron cathodes 30 are used both to sputter and to 

15 oxidize, the cathodes are operated at relatively high power density in an oxygen ambient within chamber 10 using a 
target designed for sputtering the selected metal such as silicon or tantalum. However, the baffle -separated magnetron 
cathodes which are used at stations 26 and 27 for metal deposition are operated in a low reactive gas (oxygen) partial 
pressure environment for operating in a metal mode and depositing metal at consequentially high rates. The low oxygen 
partial pressure is supplied by flowing inert working gas such as argon into the chamber area via manifolds 37. The 

20 other type of baffled magnetron cathode 28 is operated at relatively higher reactive gas partial pressure and sputter 
deposits the metal at a much lower rate on the moving substrates but oxidizes the metal at a much higher rate. The 
lower rate target adds little to the overall deposition rate and thus does not affect control, but does produce a highly 
reactive plasma which allows the chamber oxygen to readily react with the growing thin film and. as a result, permits 
the use of a relatively low overall chamber oxygen partial pressure, which enhances cathode stability and rate. This 

25 reactive sputtering approach provides repeatable thin films deposited at high rates, fully oxidized and with good optical 
qualities. 

C. Linear Magnetron Ion Source 

30 FIGS. 6 and 7 depict a presently preferred embodiment of a linear magnetron ion source 40 which is used at 

reaction station(s) 28, FIGS. 1-3 to provide the desired narrow elongated reaction zone. The linear magnetron ion 
source 40 uses electrons associated with the sputtering plasma to generate ions from a reactive gas in a separate 
local plasma. These ions bombard the sputter-deposited material on the substrates and thus form compounds with 
the sputtered material. The ion source 40 can use the cathode assembly 31 and the housing 32 shown in FIGS. 4 and 

35 5 (for clarity, housing 32 is deleted in FIGS. 6 and 7). As adapted for use as a linear magnetron ion source, direct- 
cooled cathode 31 includes an O-ring seal 41 and tapped holes 42 in the face to insulatingly mount a non-magnetic 
stainless steel cover plate 43 in place of target 34 to seal water circulation channel 45 in the cathode body. As mentioned 
previously, cathode 31 also incorporates permanent magnets (not shown) which provide a magnetic field B of elongated 
rectangular "race track" configuration 44 along plate 43 when the plate is assembled to the cathode. The ion source 

40 40 is mounted adjacent the periphery of the rotatable substrate carrier 1 4 with its long direction or axis 40L parallel to 
axis 16A of the carrier 14, FIG. 1, and the width or short axis 40W parallel to the circumference and the direction of 
rotation 16P, FIG. 3, of the carrier. 

A pair of stainless steel bar anodes 46-46 are mounted along the elongated opposite sides of the magnetron race 
track 44 on posts 47 which themselves are mounted to the non-magnetic plate. The anodes 46 are insulated from the 

<5 posts 47 and plate 43 by stepped insulator stand-offs 48 having relatively small sections which extend into holes 49 
in the bar anodes 46 and larger bottom sections which serve to precisely space the anodes from the stainless steel 
plate 43, as shown in FIG. 7. For mounting, the posts 47 are inserted through the stand-offs 48 and through the holes 
49 in the bar anodes 46, and are secured by nuts 51. 

Each anode 46 is a straight bar which is slightly shorter than the long side of the magnetron race track 44. Each 

50 anode's curved, generally cylindrical outer-facing surface 52 conforms closely to the shape of the magnetic field lines, 
B, FIG. 7. The anodes 46 are connected through wire leads 53 to a conventional power supply 54 capable of providing 
several amps current at. for example. +50 volts to -^140 volts bias. Preferably, insulating beads 56 (or other suitable 
insulation) are mounted along the section of the leads 53 within the housing to isolate the leads from the plasma and 
prevent discharge at the wire. Typical operation is at 2 to 4 amps and 100 to 120 volts for a nominally twenty inch long 

55 magnetron cathode. 

As mentioned, the mounting location or station of the linear magnetron ion source 40 is outside the sputtering 
region(s) 26 or 27 but within the associated plasma, which extends essentially throughout the vacuum sputtering cham- 
ber. In operation, the power supply 54 is used to maintain the stainless steel bar anodes 46 at a positive DC voltage 
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of, for example, 100 to 120 volts relative to the cathode 31 and the stainless steel plate 43, which are at system ground 
and at an even greater positive potential with respect to electrons In the surrounding plasma. As shown most clearly 
in FIG. 7, the curved surfaces 52 of the anodes provide electric field lines E which are substantially perpendicular to 
the magnetic field lines B. Electrons in the associated plasma are accelerated towards the positive anodes 46 and are 
trapped or confined by the resultant E x B field along the magnetron race track, greatly enhancing the probability of 
collisions with the reactant gas supplied via adjacent inlet manifolds 57, and thereby generating an intense plasma 
defined by the race track configuration 44. That intense plasma generates many ions from the reactant gas which are 
accelerated away from the anodes 46 by the potential gradient existing between the anodes and the background 
plasma and toward the substrates to enhance the reaction process, e.g., to enhance oxidation of sputtered metals 
using oxygen as the reactant gas. 

In short, during operation, the elongated inverse linear magnetron Ion source 40 provides an Intense long narrow 
reaction zone defined by the magnetron race track 44 to have the long dimension thereof spanning substantially the 
height of the substrate carrier drum 1 4 and the narrow dimension thereof defined along the circumference of the carrier 
parallel to the direction of rotation. In distinct contrast to the prior art's requirement that substantially the entire volume 
outside the single sputtering zone be used for oxidation, in the current version, our Ion source 40 has a reaction zone 
which is only about approximately five to six Inches wide and occupies a small fraction of the circumference of the 
0.736m (29 inch) diameter drum 14 (0.1 27 no/?: D = 0.127m/2.313m = 5.5% or SVti D = 5791 " = 5.5%). yet due to the 
Intense magnetic field-enhanced plasma reaction, completely oxidizes the deposted thin film in, typically, a single pass. 
The small ion source cathode size and the fast reaction rate provide unique upward scaling capability, enabling the 
use of a multiple number of sputtering cathodes and oxidation reaction cathodes to provide high rate, high volume, 
high throughput deposition and versatility in the selection of the composition of the deposited coatings. 

The combination of the rotatabie drum and baffled magnetron-enhanced sputtering and reaction cathodes has 
provided high rate, precisely controllable optical quality metal and dielectric layers in thicknesses which are scalable, 
on both flat, curved and irregularly shaped substrates with a minimum of masking. Also, because a given layer is built 
up by a multiplicity of coating passes, the effects of cathode arcs are greatly decreased since any such arc represents 
only a portion of the coating. Additionally, when operating In the metal mode, magnetron arcs are typically less frequent 
and intense. 

The process described above involves sputtering metal materials such as, but not limited to. silicon, tantalum, 
titanium, iron or any other sputterable material that forms stable oxides in an atmosphere that permits the target to 
operate in the metal mode, characterized by the highest rate of sputtering, while elsewhere in the machine establishing 
an ion process which preferably uses magnetron -enhanced sputtering to expose the freshly deposited film to a reactive 
atmosphere that converts It to an oxide. The metal preferably is deposited no more than a few atoms thick In order that 
the oxidation during the subsequent reaction process is complete. Typically, the process of sputter deposition, oxidation, 
sputter deposition, oxidation is repeated as required to build up the oxide layer to the desired thickness of material 
such as Si02. Then if a different layer such as Ta205 is to be formed the same repetitive process Is repeated. Quite 
obviously, various oxide forming cycles and metal deposition cycles can be applied as required to form composites of 
oxides alone, oxides and metals, or metal(s) alone. 

As mentioned above, a locally intense ionized reactive plasma from an Ion source such as an ion gun or a planar 
magnetron Is used to provide the oxidizing reaction. The uniformity of the magnetron sputter-deposited metal films is 
precise, and the cylindrical geometry allows uniform distribution of sputtering materials. Thus, It Is possible to use time 
and power control of the process in almost any width or length of cathode, thereby overcoming the historical problems 
of controllability, scalability and throughput associated with conventional DC magnetron reactive processes. As dem- 
onstrated in the examples below, this ability permits precision deposition of fractional optical layers such as one-six- 
teenth visible wavelength optical layers which are difficult to deposit using conventional vacuum evaporation processes. 

D. Alternative Rotary Cylindrical Systems 

FIG. 8 depicts an alternative sputtering system 60 which comprises a pair of cryopumps 1 2-1 2 situated on opposite 
sides of the vacuum sputtering chamber, a plurality of silicon sputtering devices 26 and tantalum sputtering cathodes 
27 formed on the Inside of the drum 14 facing outwardly and interspersed oxidizing devices 28 situated on the outside 
of the rotating drum 14 facing Inwardly. The Illustrated system incorporates a planetary gear substrate mounting and 
drive arrangement 25 for uniformly exposing the periphery of work pieces such as tubes to both the internal and external 
sputtering stations. By virtue of this arrangement, and the multiple silicon, tantalum and oxygen cathodes, the silicon 
and tantalum layers and the oxidation of said layers can be done at a high rate on a large number of substrates. For 
example, a composite layer comprising Si02 and Ta205 can be formed by operating the silicon cathodes 26 simulta- 
neously, then operating the upper right oxygen cathode 28, followed by operating all of the tantalum cathodes 27 
simultaneously, then operating the lower left oxygen cathode 28. 

Still another alternative embodiment of our vacuum sputtering system is shown in FIG. 9. Here, the illustrated 
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system 65 comprises a pair of vacuum pump systems 12 and four rotating drums 14, each of whicli is served by an 
external array of a silicon cathode 26 and a tantalum cathode 27 and an oxygen cathode 28. 

FIG. 10 illustrates still another version 70 of the possible embodiments of our rotary magnetron sputtering system, 
one which adapts our linear magnetron sputtering approach to a continuous or incremental sheet or roll. This arrange- 
ment 70 provides high rate, tailored single or multiple layer sputtering deposition without the problems of temperature 
build up and low deposition rates which have hindered prior attempts to deposit materials such as dielectrics on rolls 
of flexible substrate. 

The continuous roll coating arrangement 70 employs a rotating drum 14A, an internal unwind roll 71 and an internal 
take-up roll 72 for cooperatively unwinding the flexible sheet or web 73 of material from the unwind roller, advancing 
the flexible web 73 intermittently or continuously about the circumference of the drum 14A past linear magnetron sput- 
tering stations, and taking up the flexible web on the internal roll 72. 

This continuous roll coating arrangement 70 can be used to form coatings on the flexible web 73 itself or on 
substrates 1 5 which are mounted on the web. In addition, at least several modes of operation are possible. For example, 
one can sputter deposit or oxidize one layer at a time along the entire length of the web 73 by continuously/intermittently 
advancing the web and operating the selected sputter station or group of sputter stations to deposit the selected material 
or oxidize the previously deposited material. To form a multiple layer composite film, the web is then rewound and the 
process is repeated as required to obtain the desired thickness of the individual layer or multiple layers. 

Secondly, one can coat entire sections of the web at a time up to a length which does not exceed the circumference 
of the drum 1 4A. To do this, the web is indexed to present the desired section of the web 73 to the appropriate sputtering 
station or group of sputtering stations, then the sputtering or oxidation operation is performed on that selected section. 
The web is then indexed to present another section to these or a different group of sputter stations. Quite obviously, 
this approach affords an essentially unlimited number of combinations for depositing or forming different layers, includ- 
ing dielectric layers, on different sections or substrates. 

The continuous roll/web coating arrangement 70 quite obviously provides the previously discussed ability of our 
magnetron sputtering arrangement to coat single and multi-layer composites of sputterable materials (including metals) 
and oxides and extends that ability to large area continuous roll coating technology. 

in still another application, the roll used in the previously described cylindrical sputtering system can incorporate 
tooling that flips or rotates substrates during a run to extend the capacity of the coating machine. The possibilities 
include the use of parallel banks of substrates which are rotated 180° to present substrates in each bank to the sput- 
tering stations or separate drum or multiple-sided support bodies which are, for example, of triangular or other polygonal 
cross-section and are rotated by a planetary gear arrangement to present the faces or the entire circumference to 
selected sputtering stations. Also, the supports can be mounted about an axis parallel to the drum axis for rotation 
under computer control to selectively present substrates to the work stations. 

E. Controlled Varied Coating Thickness Profiles on Concave Substrates 

As described above and evidenced in several of the following examples, our sputtering invention provides a con- 
stant coating thickness along flat and curved substrate surfaces. Furthermore, the ability to precisely control the coating 
thicknesses encompasses the selective variation of coating thickness along curved concave substrate surfaces such 
as, for example, lamp reflectors. 

In most practical applications involving optical coatings on concave reflector substrates, the film thickness must 
be precisely tailored over the radial (center to edge) direction to adjust the spectral response of the multi-layer device 
to the angle in which light from the bulb (filament) is incident on the mirror surface. The profile can be defined as the 
ratio of two wavelengths for a given spectral feature measured on the edge and on the center of the reflector. The ratio 
of these two wavelengths gives a figure of merit for the film profile called the E/C ratio. This ratio has been used to 
study the influence of key variables on the film thickness profile and to optimize the profile across the surface of the 
substrate. 

A typical value for this profile or E/C ratio is 1.05. This means that the film stack thickness must be gradually 
increased to provide an edge thickness which is five percent greater than the thickness at the center. In our sputtering 
process, the film thickness over the surface of the steeply curved reflectors is governed by the following parameters; 

1. The process total pressure; 

2. The mass of the target material; 

3. The mass of the working gas; 

4. The target-to-substrate distance; 

5. The eccentricity of the substrate; 

6. The target power; and 

7. The uniformity of the sputtering conditions. 
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For example, decreasing the total pressure decreases the E/C ratio; decreasing the mass of the target material 
increases the £JC ratio; and increasing the focal length of the reflector increases the E/C ratio. 

We have studied the combined effect of process parameters using a statistical optimization program, XSTAT This 
program was used to arrive at a prediction equation for a given film characteristic In terms of the sputter deposition 
parameters. E/C was included as one of the film characteristics. The resulting prediction equation Is; 

E/C = (0.6554) TD + (0.25) IGC - (0.91) PWR + (0.006) OXY - (0.008)AR -5.4, 

where 

TD = target distance 
IGC = ion gun current 
PWR= target power 
OXY = oxygen flow, and 
AR = argon flow. 

Using our sputtering process and the single rotation system depicted, for example, In FIGS. 1-3, all of the above 
parameters can be controlled with an extremely high degree of uniformity allowing thickness profiles to be predicted 
and tailored to a degree which would be lost in the random variations and inherent non -uniformities of the prior art 
processes. Example 1 below demonstrates this ability to provide a controlled varying thickness profile on concave 
substrate, while Examples 2-6 demonstrate the ability to form uniform constant thickness coatings on flat and other 
curved substrates. 

F. Summary of Rotary System Operation 

Prior to considering specific examples, it is helpful to review the sequential steps used in our presently preferred 
method of operating the rotary magnetron sputtering apparatus. Because the examples described below were obtained 
using the single and double rotational apparatus depicted in FIGS. 1 -3, the method of operation is keyed to this appa- 
ratus and to revised embodiments of this apparatus which use four (or more) metal sputtering and oxidation/reaction 
stations. 

initially, the reflectors or tubes or other substrates are mounted on the periphery of the drum. The vacuum enclosure/ 
chamber Is then pumped down to a background pressure of, for example, 1 .33322 x lO-^N/m^ (1 x 10-^torr) and rotation 
of the drum at the selected speed is Initiated. 

Next, the metal sputtering cathodes which are to be used during a selected coating sequence are started up by 
flowing the sputter gas, illustratively argon, through the inlet manifolds 37 and applying power to the cathodes 31 via 
associated power supplies 33. Prior to the initiation of the deposition/(deposition plus oxidation) coating cycle, the 
cathode shutters are kept closed to prevent deposition. 

Once the operation of the sputter cathodes has been initiated, operation of the ion source or Ion sources 40 Is 
started. As mentioned, operation of ion source 40 utilizes the plasma associated with the operation of the sputter 
cathode(s) 30 and, thus, requires prior operation of the sputter cathode. Certain other ion sources, such as the sputter 
cathode 30 operating in an oxidizer mode, do not depend upon a separate plasma for operation but It is preferable not 
to start even these devices until operation of the sputter cathode has stabilized. Operation of the ion source(s) is 
initiated by applying the inlet flow of oxygen or other desired reactant gas or mixtures thereof via the inlet manifolds 
57 and by applying power via power supply 54. 

With the sputter cathodes and ion source cathodes established at stable operating conditions, that is, at stable 
selected power, gas flow and pressure and with the drum operating at the specified rotational speed to provide selected 
deposition and oxidation rates, the desired deposition and oxidation sequence is effected by selectively opening the 
shutters. For example, and assuming that four sputter and oxidation stations are positioned around the periphery of 
drum 14 In the sequence metal 1 cathode, ion source oxidizer, metal 2 cathode and ion source oxidizer, the following 
coatings can be attained by the associated shutter opening sequence: 

1. Metal 1 deposition, oxidation, metal 2 deposition, oxidation metal 2 oxide on metal 1 oxide; 

2. Metal 1, metal 2, oxidation -» metal 2 oxide on metal 1; 

3. Metal 1, oxidation, metal 2 -> metal 2 on metal 1 oxide; 
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4. Metal 2, metal 1, oxidation -> metal 1 oxide on metal 2; 

5. Meta! 2, oxide, metal 1 metal 1 on metal 2 oxide; 

6. Metal 1 and metal 2 simultaneously (i.e., the shutters for the metal 1 cathode and the metal 2 cathode are 
opened simultaneously) -> a layer which is a mixture of metal 1 and metal 2; and 

7. Metal 1 and metal 2 simultaneously, oxidation an oxidized mixture of metal 1 and metal 2. 

Quite obviously, an essentially unlimited number of combinations of multi-layer coatings can be formed of various 
materials and using a multiplicity of cathodes. 

Please note, during the formation of mixtures of two or more metals and/or other materials, preferably the sputter 
shutters are maintained open and the ratio of one material to another or to others is varied by adjusting the power, the 
pressure, the relative aperture size and/or the relative number of cathodes. 

Also, in genera!, the thickness of a particular layer, either a compound or mixture or discrete material, is deternnined 
by the length of time the associated sputter cathode shutter(s) is open. 

Based upon the above description and the following examples, those of usual skill in the art will be able to derive 
essentially an unlimited number of combinations of different compositions, compounds, alloys and mixtures of single 
and multi-layer metals and other materials and their oxides, nitrides, carbides, etc. 

For example, the capability to form films of composite materials and alloys extends to films of continuously varying 
composition, and thus continuously varying optical properties, in a direction perpendicular to the substrate plane. The 
composition profiling can be accomplished by continually or periodically varying the power applied to one or more of 
the sputtering sources or by continually varying the aperture or shutter opening at one or more of the sputtering sources. 
Three important device categories are possible: 

Transparent anti-reflecting coatings can be produced comprising a single film with a refractive index varying from 
the refractive index of the substrate material at the substrate to the lowest practical value at the outer interface. 
Such devices would typically be used to provide anti-reflection coatings effective over very broad bandwidths, 
generally two or more octaves wides. 

Opaque anti-reflection coatings, typically used to provide general and selective absorbing surfaces on metal sur- 
faces, can be produced by varying the film composition from 100 percent of some metallic component to 100 
percent of some transparent material at the outer interface. 

Transparent films can be formed having a continuous periodically varying profile. The refractive index profile could 
be a simple profile of a fixed frequency, or a more complex frequency-modulated profile. Typical uses of such 
structures would be as very narrow band reflectors having one or more discrete narrow reflection bands separated 
by regions of high transmission. A typical application of such devices would be for the protection of the eye or of 
an optical system sensor from laser radiation incident on that system in its wavelength region of transparency 

G. In-Line Translational System 

FIG. 18 is a schematic depiction of another alternative embodiment of our magnetron sputtering system, specifi- 
cally, an in-line translational system 80 which is designed to coat flat substrates. Generally, the in-line translational 
embodiment has the same advantages relative to the prior art as the previously-described rotary system. System 60 
also has the advantage relative to the previously described rotary embodiments of being able to coat very large, flat 
substrates. In rotary systems, such large substrates would require a drum diameter which is too large to be commercially 
practical. In addition, the in-line translational system 80 has the advantage, relative to prior art flat glass coating systems, 
of being able to provide equivalent^ high coating throughput using a chamber which is a fraction of the size of the prior 
art systems. 

The embodiment 80 of our in-line translational system shown in FIG. 18 is typical of in-line coating systems, in 
that the use of modular subchambers is favored. Thus, system 80 comprises three basic chambers; a vacuum load 
lock chamber 81 ; a vacuum processing chamber 82; and a vacuum unload lock chamber 83. Each chamber is equipped 
with separate pumping systems 84 and separate high vacuum valves 86. The process chamber 82 can be isolated 
from the loading and unloading chambers by vacuum locks 87 and 88. Substrates are loaded through a vacuum lock 
or door 89 of the load lock chamber 87 and are unloaded through a similar vacuum lock 91 of unload lock chamber 
83. The chambers, which are shown in cross-section in FIG. 18, typically are thin, flat boxes which can be mounted 
either horizontally or vertically. 
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Means such as endless conveyor belts 92, 93, 94 are provided in the chambers for transporting substrates. Please 
note, substrates such as glass window plates are sufficiently large to bridge the gaps between the conveyors and the 
different chambers. Load lock conveyor 92 is used to move a substrate at position 95 from the load lock 81 through 
lock 87 into the processing chamber 82 to position 96. (In referring to the substrates, reference numerals 95-98 denote 
5 substrate positions as well as the substrates themselves.) Processing chamber conveyor 93 transports substrates 
rapidly and typically at a constant velocity from entry position 95 in the direction 99 past processing stations 101-104 
to position 97 and returns the substrates in the direction 100 past the processing stations to the position 96. Unload 
lock conveyor 88 receives substrates at vacuum lock 88 and transports them into the unload lock chamber 83. 

Optionally conveyors can be located outside the load lock chamber 81 and the unload lock chamber 83 to feed 

10 substrates to the load lock chamber 81 and unload substrates from the unload lock chamber 83. 

As mentioned above, the illustrated processing chamber 87 contains four processing stations including, in order, 
an outside reaction station 1 01 , intemiediate or internal sputter stations 1 02 and 1 03 and outside reaction station 1 04. 
The various previously-described sputter devices and ion source devices can be used. All the processing stations are 
provided with baffles 106 to isolate the reaction and sputtering zones. The reaction stations 102,103 may be used to 

75 sputter a variety of materials and metals such as metal Ml and metal M2. Preferably, the sputter stations 102 and 103 
and the reaction stations 101 and 104 use the above-described linear configured magnetron sputter devices 30 and 
the inverse magnetron ion sources 40, respectively The devices 30 and 40 are adapted in size to form long, narrow, 
linear deposition and reaction zones in which the narrow dimension or width of the zones extends along the directions 
of movement 99 and 100 and the length of the zones encompass the substrates dimensions transverse to the length 

20 of the conveyors and the direction of movement. 

Further embodiments of the system 80 will be readily derived by those of usual skill in the art, including, but not 
limited to, the three versions illustrated in simplified schematic form in FIGS. 19-21. The first variation 80A shown in 
FIG. 19 includes a load chamber 81, an unload chamber 83 and a process chamber 82A which comprises separate 
upper and lower banks 107 and 108 of sputtering and reaction zones instead of the single, upper bank 107 used in 

25 system 80, FIG. 18. The arrangement shown in FIG. 19 allows a substrate 96 to be coated simultaneously on both 
sides or allows two substrates mounted back-to-back to be coated simultaneously, each on one side. 

FIG. 20 illustrates another alternative embodiment 80B comprising a processing chamber 82 and a load lock cham- 
ber 81 which also functions as the unload chamber. This embodiment can be utilized where either cost or space pre- 
cludes the use of separate load lock and unload lock chambers. 

30 FIG. 21 depicts a third alternative embodiment 80C which includes a load lock chamber 81 , an unload lock chamber 

83 and a process chamber 82B comprising two separate process chambers 82-82 separated by vacuum lock 109. 
This embodiment can be used either to enhance total system throughput or where a very high degree of isolation is 
required between the reactions in the two banks of processing stations 107-107. 

Referring again to system 80, FIG. 1 8, to illustrate the operation of an in-line transiational system, initially the locks 

35 or doors 87, 88 and 91 are closed and the processing chamber 82 and unload chamber 83 are pumped to a background 
pressure of about 10"^ torr A substrate 92 is then loaded through the door 89 into the load chamber 81 and the lock 
89 is then closed and the load chamber is pumped to a background pressure typically of 1 .33322 x 10-^ N/m^ {^Q-^ 
torr). The lock 87 is then opened, the substrate is transported into the processing chamber 82 to position 96, the lock 
87 is closed and argon is inlet to the sputtering magnetrons 102 and 103 at a pressure which typically is about two 

40 microns. Power is then applied to the cathodes of the sputtering magnetrons 102 and 103 to begin sputtering metals 
such as Ml at cathode 102 and metal M2 at cathode 103. The shutters at the magnetrons 102 and 103 are closed 
during this period until the sputtering conditions stabilize. The reactant gas such as oxygen is then admitted to the ion 
sources 101 and 104 and the sources are ignited by applying the appropriate bias voltage. 

To initiate coating, the shutter covering the aperture of magnetron 102 is opened and the substrate at 96 is trans- 

"^5 ported at a constant velocity in the direction 99 past the processing stations to position 97, then is returned in the 
opposite direction 100 to position 96. The transport velocity and the sputtering parameters can be adjusted so that 
typically not more than three atomic layers of material is deposited in one pass and approximately twenty Angstroms 
of oxide is deposited in one forward and reverse cycle. The forward and reverse transport cycle is repeated until the 
desired oxide thickness of metal Ml has been built up on the substrate. At that point, the shutter for the magnetron 

50 102 is closed. 

The shutter covering the magnetron 107 is then opened and the process described in the preceding paragraph is 
repeated to deposit a layer of metal M2 oxide to the desired thickness. The two metal oxide deposition steps can be 
repeated until a desired multi-layered combination is deposited on the substrate. Also, layers of the metals M1 and/or 
M2 can be incorporated (that is, metals can be formed without oxidation) by keeping the shutters on the ion source 
55 devices closed during the associated pass of the substrate through the bank 107 of processing stations. 

After the desired coating is formed, the pressure in the unload station 83 is raised to match the pressure in the 
process chamber 82. The lock 88 is opened and the coated substrate 97 is transported into the unload lock chamber 
83 to position 98. The lock 88 is closed and the unload lock chamber 83 is raised to atmospheric pressure. Then the 
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lock 91 is opened so that the substrate at position 94 can be removed from the unload lock chamber 

Quite obviously, the in-line translational system 80 can also be operated in a continuous mode in which the loading 
of new substrates into load chamber 81 and the unloading of previously processed substrates from the unload chamber 
83 are synchronized with the coating process. 



The following examples illustrate the ability of our process to deposit multi-layered, optical quality films in large 
quantities (high throughput) on different substrates, that is, substrates formed of different materials and including curved 
substrates. The films described in the following examples were all formed using the apparatus depicted in FIGS. 1-3 
and, specifically, a drum 14 comprising the double rotational planetary gear arrangement 25 (for tubular or cylindrical 
substrates) and single rotational mounting positions 15 (for substrates such as sunglass lenses and lamp reflectors). 
The system used a 29 inch diameter drum rotated here at 48 rpm, a five-inch wide aperture in the isolation baffle, and 
a five-inch target width. The linear magnetron cathode 30 was used to sputter deposit various materials and the linear 
magnetron ion source 40 was used to oxidize the deposited materials. 

The examples are characterized by the fact that the products described are required in large quantities, but with 
a high degree of consistency within any product type and the optical and mechanical properties of multi-layer systems 
which define the product function must be extremely uniform over the surface of the products. 

With these products as examples, it is worth highlighting certain essential differences between our invention and 
the prior art discussed previously. 

Our technique employs distinct separate non-contiguous zones for deposition and reaction. The overall pressure 
between the zones is low which minimizes arcing and subsequent loss of film thickness control. 

The deposition and reaction zones at the periphery of the drum are long and narrow permitting the installation of 
multiple stations around the circumference of the cylindrical work surface. This is essential if more than one material 
must be deposited in the same process cycle, which Is a requirement in all of the examples that we describe. 

In addition to permitting an increased number of stations, the long narrow regular shape of the deposition and 
reaction zones permits the use of a large number of individual substrates and a large substrate area, with resultant 
high throughput, because a large number of reaction zones, as well as deposition zones can be positioned about the 
circumference of the rotating substrate carrier and because all substrates located around the work surface are exposed 
to the same material flux and plasma conditions. This ensures a very high degree of control of film thickness on the 
different substrates, which is essential for consistency within a product type. 

The tack of a requirement for tight baffling between the deposition zone and substrate carrier permits the coating 
of substrates with curvature such that this tight baffling would not be practical. For example, it permits the coating of 
lenses and tubes. 

1. Curved Glass "Cold" Mirrors (Ml 6 & Ml 3.25) 

The system shown in FIGS. 1 -3 was used in the single rotation mode to form reflective multi-layer oxide coatings 
comprising alternating layers of titanium dioxide and silicon dioxide on the concave inner surface 76 of glass lamp 
reflector substrates 75, FIG. 17, using the process of Table 1. See substrate position 15B, FIG. 1. Effectively, we coated 
the deep dish reflector surface 76 with two materials with precisely controlled uniformity at a high deposition rate. The 
coatings comprised twenty-one layers. 



where L = silicon dioxide and H = titanium dioxide, with the two stacks (H/2 L centered at QWOT (quarter wave 
optical thicknesses) of 627 nm and 459 nm, respectively In the industry standard notation used above, each (H/2 L 
H/2)S indicates a five-fold repetition of the layer sequence comprising, in order, a one-half QWOT layer of titanium 
oxide (H/2); a QWOT layer of silicon dioxide (L); and another one-half QWOT layer of titanium oxide (H/2). Referring 
to FIG. 11, as demonstrated by curve 80, 81 and 82 for the percent transmittance curve as a function of wavelength 
at the film center, middle, and edge, respectively, the coatings possessed the desired E/C ratio of 1 .05 and otherwise 
achieved the spectral performance design objective of transmitting infrared light energy i.e., light of wavelength greater 
than approximately 700 nm, while reflecting visible energy without color alteration of the bulb light source. 



H. Examples 
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TABLE 1 



Substrate: 


Concave Glass 


Rotary Motion; 


Single 


Materia! 1: 


Titanium to fornn TiOg 


Material 2: 


Silicon to form Si02 


Cathode Rate, 


110 X lO-i^m (110 Angstroms/sec (A/s)) 


Material 1 (CRT): 




Cathode Rate, 


90x10-"'0nn (90 A/s) 


Material 2 (CR2): 




Material 1 Gas: 


Argon 400 seem 


Material 2 Gas: 


Argon 400 seem 


Material 1 Power: 


6KW 


Material 2 Power: 


5KW 


Argon Sputter Pressure: 


2.0 microns 


Ion Source Operation 


4 amps; 125 sccm02 


for Material 1 : 




Ion Source Operation 


2 amps; 100 seem O2 


for Material 2: 




Post Operation Bake 


550°C in air one hour 


(after connpletion of coating): 





2. Glass Eyeglass Lenses 

The apparatus described above and depicted in FIGS. 1-3 was also used in the single rotation mode to form a 
twenty-six layer optical quality coating comprising alternating layers of tantalum pentoxide and silicon dioxide on convex 
glass lenses using the process parameters of Table 2. As demonstrated by the percent reflectance curve 33 of FIG. 
12 and the percent transmittance curve 84, also in FIG. 12. the coatings achieved the spectral performance design 
goals of providing a rejection band in the near infrared for filtering damaging infrared rays from the eyes as well as a 
rejection band in the ultraviolet and very high film durability characterized by the standard eraser rub, abrasion resist- 
ance test per MIL-C-675. In addition to the eye protecting features of the film, visible light is selectively filtered over 
the approximate range 400-700 nm by the coating design (layer thicknesses) to achieve different cosmetic coloring 
without substantially affecting visible light transmittance. This design requires stringent control of the optical thickness 
of the constituent layers to achieve stringent color reproducibility requirements. Product produced using our invention 
is a factor of two more uniform than product produced by prior art methods. 



TABLE 2 



Substrate: 


Glass Sunglass Lenses 


Rotary Motion: 


Single 


Material 1 : 


Tantalum to form Ta205 


Material 2: 


Silicon to form SiOg 


C.R. 1: 


70x10-^0m (70 A/s) 


C.R. 2: 


90x10-i0m (90 A/s) 


Material 1 Gas: 


Argon 400 seem 


Material 2 Gas: 


Argon 400 seem 


Material 1 Power: 


6 KW 


Material 2 Power: 


5 KW 


Argon Sputter Pressure: 


2.5 microns 


Ion Source Operation 


4 amps; 1 99 seem O2 


for Material 1 : 




Ion Source Operation 


2 amps; 99 seem O2 


for Materia! 2: 




Post Operation Bake: 


450°C in air one hour 



14 



EP 0 328 257 B1 



3. Plastic Eyeglass Lenses 

The apparatus depicted in FIGS. 1-3 was used in the single rotation mode with the process of Table 3 to deposit 
the same twenty-six layer blue filter film described in Example 2 having a rejection band in the near infrared for filtering 
damaging infrared rays from the eyes as well as a rejection band in the ultraviolet. However, the substrates in this case 
were plastic sunglass lenses rather than glass lenses. Referring to FIG. 13, as evidenced by the percent reflectance 
curve 86 and the percent transmittance cun/e 87, the thin film coatings achieved the optical design objectives discussed 
in Example No. 2 and the additional objective of Example No. 2 and the additional objective of deposition on the plastic 
without melting or softening the plastic, because the process temperature is very low, about 55°C. This demonstrated 
capability is in distinct contrast to all known prior art vacuum coating processes, for which the formation of multi-layer, 
durable, optically-transparent coatings on plastic substrates has traditionally been a difficult task. These thin film coat- 
ings also passed humidity exposure (MIL-M-13508) and snap tape adhesion tests (f^lL-G-675). 



TABLE 3 



Substrate: 


Plastic Sunglass Lenses 


Rotary I\/lotion: 


Single 


Material 1: 


Tantalum to form Ta205 


Materia] 2: 


Silicon to form Si02 


C.R. 1: 


70x10*''0m (70 A/s) 


C.R. 2: 


90 x lO-iOm (90 A/s) 


Material 1 Gas: 


Argon 400 seem 


Material 2 Gas: 


Argon 400 seem 


Material 1 Power: 


3KW 


Materia! 2 Power: 


5KW 


Argon Sputter Pressure: 


2.5 microns 


Ion Source Operation 


4 amps; 199 seem Og 


for Material 1: 




Ion Source Operation 


4 amps; 99 seem Og 


for Material 2: 




Post Operation Bake: 


None 



4. Anti-Reflective Coatings for Plastic 

The apparatus described in FIGS. 1-3 was operated in the single rotation mode in accordance with the process 
shown in Table 4 to form four layer optical films comprising alternating layers of tantalum pentoxide and silicon dioxide 
on flat and convex curved plastic substrates using a process temperature of approximately 55°C. The films comprised 
four layers: 

substrate I (HLHL) 1 ambient, 

where L = silicon dioxide and H = tantalum pentoxide and where the QWOT HLHL were centered, respectively, at 117 
nm, 172 nm, 1096 nm and 520 nm. Referring to reflectance curve 88. FIG. 14, the films satisfied the design objectives 
of providing very low reflectance over the visible wavelength spectrum and depositing very thin (-100 nm thick) layers 
with repeatability and without melting or softening the plastic. 



TABLE 4 



Substrate: 


Polycarbonate & Acrylic 


Rotary Motion: 


Single 


Material 1 : 


Tantalum to form Ta205 


Material 2: 


Silicon to form SiOg 


C.R. 1: 


70x10-i0m (70 A/s) 


C.R. 2: 


90x10-iOm (90 A/s) 


Material 1 Gas: 


Argon 400 seem 


Material 2 Gas: 


Argon 400 seem 
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TABLE 4 


'continuflri^ 

\.f\ji III II luouy 


iviaieriai 1 "ower. 




Material 2 Power: 


5 KW 


Argon Sputter Pressure: 


2.5 microns 


Ion Source Operation 


4 amps; 1 99 seem Og 


for Material 1: 




Ion Source Operation 


4 amps; 99 seem Og 


for Material 2: 




Post Operation Bake: 


None 



5. Yellow Headlamp Filter Coating 

The apparatus depicted in FIGS. . 1-3 was also used to deposit fourteen layer films on the quartz envelopes of 
halogen headlamp bulbs using the double rotation mode and the process of Table 5. The films incorporate three ma- 
terials, require precise color matching of the multiple materials and require precise control of the constituent thin one- 
quarter wave layers. As a consequence, the film design is a difficult one to Implement. The specific film design was: 

substrate I FegOg (H) (LH)^ ambient, 

where L = silicon dioxide and H = tantalum pentoxide and the QWOT FegOg, H and (LH) were centered, respectively, 
at 14 nm, 10 nm and 430 nm. The films demonstrated the ability to reproducibly deposit a multi-layer blue filter of 
design FegOs (H)(LH)6 on the quartz envelope. The Fe203 was used here as a selective absorber The spectral per- 
formance of these films is depicted In FIG. 15. Curve 91 depicts percent transmittance when the Fe203 absorber layer 
is used; curve 92 describes the performance without the Fe203 layer. FIG. 15 demonstrate that the combination of the 
multi-layer blue filter and the Fe203 selective absorber transmits yellow light over the range of approximately 500-600 
nm and blocks the transmission of blue light at about 450 nm and eliminates the characteristic blue corona associated 
with high angle reflectance and subsequent transmittance through the glass envelope. 



TABLE 5 



Substrate: 


Halogen Lamp Envelopes 


Rotary Motion: 


Double (planetary) 


Material 1 : 


Tantalum to form TagOg 


Material 2: 


Silicon to form SiOg 


C.a 1: 


150x 10-'>0m{150 A/s) 


C.R. 2: 


lOOx 10-iOm (100 A/s) 


Material 1 Gas: 


Argon 400 seem 


Material 2 Gas: 


Argon 400 seem 


Material 1 Power: 


6 KW 


Material 2 Power: 


5 KW 


Argon Sputter Pressure: 


2.5 microns 


Ion Source Operation 


1 amp; 200 seem Og 


for Material 1 ; 




Ion Source Operation 


1 amp; 1 00 seem O2 


for Material 2: 




Post Operation Bake: 


eoO^C in air one hour 



6. Thin Hot Mirror Coatings 

The apparatus depicted In FIGS. 1-3 was operated in the double-rotational mode to form fifteen-layer films on 
tubular quartz lamp envelopes used in infrared (IR) radiant energy heating lamps. The coatings are termed "thin hot 
mirror" because they are designed to transmit visible energy while reflecting infrared energy emitted by the Internal 
tungsten halogen filament. The coating leads to lamp power reduction because the infrared energy is geometrically 
incident on the lamp filament. The energy is used to heat the filament, thereby decreasing the amount of electrical 
power required to operate the lamp. The specific film design was: 
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substrate 1(172 H U2)^ ambient 
X - 900 nm 

where L is silicon dioxide, H Is tantalum pentoxide and the QWOT was centered at 900 nm. The spectral performance 
ot these films is depicted In FIG. 16. Curve 93 depicts percent transmittance as a function of wavelength and demon- 
strates that the hot mirror film or coating transmits visible light over the range of approximately 400 - 750 nm and 
reflects IR energy over the approximate range 750 - 1100 nm back to the filament. 



TABLE 6 



Substrate; 


10 mm Quartz tubes 


Rotary Motion: 


Double (planetary) 


Material 1: 


Tantalum to form Ta205 


Materia! 2: 


Silicon to form Si02 


C.R. 1: 


150x10-''0m(150 A/s) 


C.R. 2: 


lOOxlO-iOm (100 A/s) 


Material 1 Gas: 


Argon 400 seem 


Material 2 Gas: 


Argon 400 seem 


Material 1 Power: 


6KW 


Material 2 Power: 


5KW 


Argon Sputter Pressure: 


2.5 microns 


Ion Source Operation 


2 amps; 1 99 seem Og 


for Material 1: 




Ion Source Operation 


2 amps; 99 seem Og 


for Material 2: 




Post Operation Bake: 


600°C in air one hour 



Claims 

1 . A sputter coating apparatus comprising: a vacuum chamber (1 1 ); a movable substrate support (14) mounted within 
the vacuum chamber and adapted for mounting substrates thereon for moving the substrates past at least first 
and second physically spaced work stations (26,27;28), the first work station providing a sputtering zone and the 
second work station providing a reaction zone for the sputtered material formed in the first work station; charac- 
terised in that a magnetron-enhanced sputter device (30) is positioned at the first work station and includes a target 
of selected material and means for generating a first plasma within the device, adjacent the work station and 
substantially throughout an extended region of the chamber including the physically spaced second work station 
for sputter depositing material on the substrates traversing the first work station; and an ion source device (30,40) 
Is positioned at the second workstation to apply a reactive gas along a relatively narrow zone adjacent the substrate 
support formed by a second locally intense plasma comprising ions of the reactive gas, the ion source device 
having means for applying a directed potential between the ion source and said one plasma for accelerating the 
reactive ions thereof to said substrates for completing said selected reaction with the sputter-deposited material 
during a single pass of the substrate support. 

2. A sputter coating apparatus as claimed in Claim 1, characterised in that the ion source device (40) positioned at 
the second work station uses electrons from said first plasma in forming said second plasma of ion of the reactive 
gas. 

3. A coating apparatus as claimed in Claim 2. characterised in that means for the sputter device (30) and the ion 
source device (40) are provided for operating simultaneously. 

4. A coating apparatus as claimed in any of Claims 1 to 3, characterised in that said movable support (14) is a 
cylindrical carrier and means (16) are provided to rotate the carrier to move the substrates past the first and second 
work stations (26,27;28); and in that the work stations (26,27;28) are positioned so that selected chemical reaction 
occurs along a circumferential zone of the carrier comprising substantially less than one-half the circumference of 
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the carrier. 

5. A coating apparatus as claimed in Claim 4. characterised In that the sputter device (30) and the ion source device 
(40) are positioned outside the cylindrical carrier (14). 

6. A coating apparatus as claimed in Claim 4, characterised in that the sputter device (30) and the ion source device 
(40) are positioned inside the cylindrical carrier (14). 

7. A coating apparatus as claimed in of any of Claims 4 to 6, characterised in that the carrier (14) has rotatable 
mounting means (22A) provided at the circumference of the carrier for rotatably presenting selected substrates or 
surface segments thereof to the work stations (26,27,28). 

8. A coating apparatus as claimed in Claim 7. characterised in that the rotatable mounting means in the substrate 
support means comprise a planetary gear arrangement (22A) which is rotatable in conjunction with rotation of the 
cylindrical carrier (14). 

9. A coating apparatus as claimed in any of Claims 1 to 8, characterised in that the substrate support is a flexible 
web (73), and in that a rotatable drum (14A) is provided having unwind and wind roll means (71,72) adapted for 
continuously or intermittently traversing the flexible web about the circumference of the drum; and in that the 
magnetron sputter device (26,27) and the ion source device (28) are positioned about the periphery of the drum 
for forming at least a first material on the web or substrates mounted thereon. 

10. A coating apparatus as claimed in any of Claims 1 to 8, characterised in that said substrate support (43) is sub- 
stantially flat and the movement is substantially linear. 

1 1 . A coating apparatus as claimed in any of Claims 1 to 1 0 characterised in that the sputter device is a linear magnetron 
device (30). 

12. A coating apparatus as claimed in any of any of Claims 1 to 10, characterised in that the ion source device (40) 
is a linear magnetron device. 

13. A coating apparatus as claimed in any of Claims 1 to 10. characterised in that the ion source device (40) is an ion 
gun. 

1 4. A coating apparatus as claimed in any of Claims 1 to 1 3, characterised in that the ion source device (40) is adapted 
for the inlet of the reactive gas for at least partially converting the sputter-deposited material to at least one of an 
oxide, nitride, hydride or carbon-containing alloy or compound. 

1 5. A coating apparatus as claimed in any of Claims 1 to 1 3, characterised in that the ion source device (40) is adapted 
for oxidizing the sputter-deposited material. 

16. A coating apparatus as claimed in any of Claims 1 to 15, including a plurality of sputter devices (26.27) for se- 
quentially or simultaneously sputter depositing at least one material. 

17. A coating apparatus as claimed in any of Claims 1 to 16, including a plurality of ion source devices (40) for reacting 
selected reactive gas with the sputter deposited material. 

18. A coating apparatus as claimed in any of the preceding claims characterised in that the deposition and reaction 
devices at said first and second work stations are operable under different partial pressure regimes. 

1 9. A process for forming single layer films and multi-layer composite films on substrates in a vacuum chamber having 
a movable substrate support therein a first work station having a sputtering zone for forming a layer of sputtered 
material on a substrate and a second work station having a reaction zone for reacting the sputtered material formed 
on a substrate in the first work station; characterised in that at least one magnetron- enhanced sputter device is 
positioned at the first work station adjacent the substrate support for sputter depositing a selected material a sub- 
strate, and at least one ion source device is positioned adjacent the substrate support at the second work station 
for providing a locally intense plasma to effect a selected chemical reaction with said selected material, the process 
comprising the steps of pulling a vacuum in the chamber; introducing working and reactive gases into the chamber; 
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continuously moving the substrate support 5 past the devices; operating the sputter device with an associated 
relatively tow partial pressure of the reactive gas to deposit a layer of said selected material on the substrate; and 
operating the ion source device with an associated relatively high 10 partial pressure of reactive gas to complete 
substantially the selected reaction during a single pass of the substrate support. 

20. A process as claimed in Claim 19, characterised in that the substrate support is a rotating cylindrical carrier sup- 
porting the substrates along the circumference thereof for continuously traversing the substrates past the sputter 
device and the ion source, and in that the selected reaction occurs along a fractional circumferential surface zone 
of the carrier comprising a distance substantially less than one-half the circumference of the carrier and the selected 
reaction is substantially completed during translation of the workpiece through said fractional zone. 

21. A process as claimed in Claim 20, characterised in that the cylindrical carrier is rotatably mounted at the circum- 
ference of the carrier and rotatably presents selected substrates or surface segments thereof to the work stations. 

22. A process as claimed in Claim 21 characterised in that the rotatable mounting ror the carrier includes a planetary 
gear arrangement which rotates in conjunction with rotation of the cylindrical carrier 

23. A process as claimed in any of Claims 1 9 to 22, characterised in that the substrate carrier Is substantially flat and 
the movement is substantially linear 

24. The process of any of Claims 19 to 23, further comprising operating the sputter device to sputter deposit layers of 
selected materials on the substrate and operating the ion source device to react at least selected ones of the layers 
prior to sputter deposition of the next successive layer 

25. A process as claimed in any of Claims 19 to 24, in which a plurality of Ion source devices are provided. 

26. A process as claimed in any of Claims 19 to 25, in whch a plurality of sputter devices are provided. 

27. A process as claimed in any of Claims 1 9 to 26, further comprising selectively operating the sputter and ion source 
devices to form a composite coating comprising at least a plurality of layers, the composition of each layer being 
selected from at least one of a first metal, a second metal, an oxide of the first metal, an oxide of the second metal, 
mixtures of the first and second metals and an oxide or mixtures of the first and second metals. 

28. A process as claimed in any of Claims 19 to 27, further comprising selectively operating selected ones of the 
sputter devices to sputter deposit layers of selected materials on the substrate and operating selected ones of ion 
source devices in conjunction with supplying selected reactant gas thereto for effecting the selected reaction with 
at least selected ones of the layers prior to sputter deposition of the next successive layer 

29. A process as claimed in any of Claims 1 9 to 28. characterised in that the selected reaction involves converting the 
selected layers to at least one oxide, nitride, hydride, sulphide or carbon-containing compound or mixture. 

30. A process as claimed in any of Claims 1 9 to 28. wherein the selected reaction is oxidation. 

31. A process as claimed in any of Claim 19 to 30, adapted for forming on curved substrates single layer films; multi- 
layer films and multi-layer composite films of selected variable or constant thickness profile in the direction from 
the center to the edge of the substrate, wherein the magnetron -enhanced sputter cathode device has an associated 
sputtering zone of relatively elongated length and relatively narrow width and wherein the ion source device has 
an associated reaction zone of relatively elongated length and relatively narrow width for providing a selected 
reaction with the deposited coating along a fractional circumferential zone of the carrier substantially less than 
one-half the circumference of the carrier; and further comprising continuously rotating the cylindrical workpiece 
carrier; operating the sputter device to deposit at least a layer of selected material on the rotating substrate; and 
operating the ion source device to effect the complete and selected reaction during a single traversal of the work- 
piece through the fractional circumferential zone. 

32. A process as claimed in Claim 31. further comprising controlling at least one of the total system pressure, the 
kinetic energy of the sputtered material, the mass of the sputtered material, the mass of the working gas used in 
the sputter deposition, and the target-to-substrate distance, for controlling the thickness profile of the film. 
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33. A process as claimed in any of claims 18 to 31 characterised in that the magnetron-enhanced sputter device has 
an associated sputtering zone of a first partial pressure regime and of relatively elongated length and relatively 
narrow width tor sputter depositing said selected material onto the workpiece; in that the ion source device forms 
a locally intense plasma in an associated reaction zone of a second partial pressure regime and of relatively 
elongated length and relatively narrow width, for providing said selected reaction with the deposited coating along 
a fractional circumferential zone of the carrier substantially less than one-half the circumference of the carrier, 
thereby providing a selected chemical reaction with the selected material; and in that the carrier is moved contin- 
uously past the devices and the sputter device and the ion source device are operated continuously to deposit 
said layer of the selected material on the substrate and substantially complete the selected reaction during a single 
pass of the substrate support. 



Patentanspruche 

1. Zerstaubungsbeschichtungsvorrichtung mit 

einer Vakuumkammer (11), 

einem beweglichen Substrathalter (14), der innnerhalb der N^kuumkammer montiert und zum Festhalten von 
Substraten auf sich zum Bewegen der Substrate uber mindestens eine erste und eine zwelte Arbeitsstation 
(26, 27; 28), die physisch voneinander getrennt sind, ausgestaltet ist, wobei die erste Arbeitsstation eine Zer- 
staubungszone und die zweite Arbeitsstation eine Reaktionszone fur das in der ersten Arbeitsstation zerstaub- 
te fvlaterial bereltstellt, 

dadurch gekennzeichnet, daB 

eine magnetron unterstutzte Zerstaubungseinrichtung (30) in der ersten Arbeitsstation angeordnet ist und ein 
Target ausgewahlten Materials und eine Einrichtung zum Erzeugen eines ersten Plasmas innerhalb der Zer- 
staubungseinrichtung, in der Nachbarschaft der Arbeitsstation und im wesentlichen uberall in einem ausge- 
dehnten Bereich der Kammer, einschlieRlich der physisch separat angeordneten zweiten Arbeitsstation, zum 
Zerstaubungsabschelden von f\/laterial auf die die erste Arbeitsstation durchlaufenden Substrate aufweist und 
eine lonenquelleneinrichtung (30, 40) in der zweiten Arbeitsstation angeordnet ist, um ein reaktives Gas ent- 
lang einer relativ schmalen Zone in der Nachbarschaft des Substrathalters, die durch ein zweites, lokal inten- 
sives Plasma, das lonen des reaktiven Gases aufweist, gebildet wird, anzulegen, wobei die lonenquellenein- 
richtung eine Einrichtung zum Aniegen eines gerichteten Potentials zwischen der lonenquelle und dem einen 
Plasma zum Beschleunigen von dessen reaktiven lonen auf die Substrate, um die ausgewahlte Reaktlon mit 
dem zerstaubungsabgeschiedenen Material wahrend eines einzigen Durchgangs des Substrathalters abzu- 
schlie3en, aufweist. 

2. Zerstaubungsbeschichtungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB.die In der zweiten Ar- 
beitsstation angeordnete lonenquelleneinrichtung (40) zum Erzeugen des zweiten Plasmas aus lonen des reak- 
tiven Gases Elektronen aus dem ersten Plasma benutzt. 

3. Beschichtungsvorrichtung nach Anspruch 2, dadurch gekennzeichnet, da3 Einrichtungen fur die Zerstaubungs- 
einrichtung (30) und die lonenquelleneinrichtung (40) zum gleichzeitigen Betrieb vorgesehen sind. 

4. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, daB 

der bewegliche Halter (14) ein zylindrischer Trager ist und Einrichtungen (16) zum Drehen des Tragers zum 
Bewegen der Substrate uber die erste und die zweite Arbeitsstation (26, 27; 28) vorgesehen sind und 
die Arbeitsstationen (26, 27; 28) so angeordnet sind, daB die ausgewahlte chemlsche Reaktion entlang einer 
Umfangszone des Tragers auftritt, die wesentlich weniger als die Halfte des Umfangs des Tragers umfaBt. 

5. Beschichtungsvorrichtung nach Anspruch 4, dadurch gekennzeichnet, daB die Zerstaubungseinrichtung (30) und 
die lonenquelleneinrichtung (40) auBerhalb des zylindrischen Tragers (14) angeordnet sind. 

6. Beschichtungsvorrichtung nach Anspruch 4, dadurch gekennzeichnet, daB die Zerstaubungseinrichtung (30) und 
die lonenquelleneinrichtung (40) innerhalb des zylindrischen Tragers (14) angeordnet sind. 
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7. Beschichtungsvorrichtung nach einem der Anspruche 4 bis 6. dadurch gekennzeichnet, daB der Trager (1 4) dreh- 
bare Befestigungseinrichtungen (22A) am Umfang des Tragers aufweist. die dazu dienen, ausgewahlte Substrate 
Oder Oberflachensegmente davon den Arbeitsstatlonen (26, 27, 28) drehbar zu prasentieren. 

8. Bescliichtungsvorrichtung nach Anspruch 7, dadurch gekennzeichnet, da3 die drehbaren Befestigungseinrichtun- 
gen in der Substrathaltereinrlchtung eine Planetengetriebeanordnung (22A), die im Zusamnnenhang nnit der Dre- 
hung des zylindrischen Tragers (14) drehbar 1st, aufweisen. 

9. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, da3 der Substrathalter 
ein flexibles Gewebe (73) 1st und daf3 eine drehbare Trommel (14A) vorgesehen ist, die Abwickel- und Autwickel- 
roileneinrichtungen (71, 72) zum kontinuleriichen oder intermittierenden Verschieben des flexiblen Gewebes urn 
den Umfang der Trommel aufweist. und daB die Magnetronzerstaubungseinrichtung (26, 27) und die lonenquel- 
leneinrichtung (28) zum Bilden mindestens eines ersten Materials auf dem Gewebe oder den darauf befestigten 
Substraten um die Peripherie der Trommel herum angeordnet sind. 

10. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, daB der Substrathalter 
(43) Im wesentlichen flach und die Bewegung im wesentlichen linear ist. 

11. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 10. dadurch gekennzeichnet, daB die Zerstaubungs- 
einrichtung eine Linearmagnetroneinrichtung (30) ist. 

12. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 10, dadurch gekennzeichnet, daB die lonenquellen- 
einrichtung (40) eine Linearmagnetroneinrichtung ist. 

13. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 10, dadurch gekennzeichnet, daB die lonenquellen- 
elnrichtung (40) eine lonenkanone ist. 

14. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 13, dadurch gekennzeichnet, daB die lonenquelien- 
einrlchtung (40) zum EInlaB des reaktiven Gases zum Umwandein mindestens eines Tells des zerstaubungsab- 
geschiedenen Materials in mindestens einen der Stoffe Oxid, Nitrld. Hydrid oder kohlenstoffhaltlge Legierung oder 
Verbindung geeignet ist. 

15. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 13, dadurch gekennzeichnet, daB die lonenquellen- 
einrichtung (40) zum Oxidieren des zerstaubungsabgeschiedenen Materials geeignet ist. 

16. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 15 mit mehreren Zerstaubungseinrichtungen (26. 27) 
zum aufeinanderfoigenden oder gleichzeitigen Zerstaubungsabscheiden mindestens eines Materials. 

1 7. Beschichtungsvorrichtung nach einem der Anspruche 1 bis 1 6 mit mehreren lonenquelieneinrichtungen (40) zum 
In Reaktion bringen ausgewahlten reaktiven Gases mit dem zerstaubungsabgeschiedenen Material. 

18. Beschichtungsvorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB die Ab- 
scheldungseinrlchtung bzw. die Abscheidungseinrichtungen und die Reaktionseinrlchtung bzw die Reaktionseln- 
richtungen inderersten.und derzweiten Arbeltsstation In unterschledllchen Partialdruckregimen betrieben werden 
konnen. 

19. Verfahren zum Bilden eines Monoschlchtfilms und eines Mehrschichtgemlschfllms auf Substraten In einer Vfeku- 
umkammer mit 

einem beweglichen Substrathalter darin, 

einer ersten Arbeltsstation mit eIner Zerstaubungszone zum Bilden einer Schicht zerstaubten Materials auf 
einem Substrat und 

einer zwelten Arbeltsstation mit einer Reaktionszone zum Reagleren des in der ersten Arbeltsstation auf einem 
Substrat gebildeten zerstaubten Materials, 

dadurch gekennzeichnet, daB 

mindestens eine magnetron unterstutzte Zerstaubungseinrlchtung. die zum Zerstaubungsabscheiden eines 
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ausgewahlten Materials auf einem Substrat dient, in der ersten Arbeitsstation benachbart zum Substrathalter 
angeordnet ist und 

mindestens eine lonenquelleneinrichtung, die zum Bereitstelten etnas lokal intensiven Plasmas zur Bewirkung 
einer ausgewahlten chemischen Reaktion mit dem ausgewahlten Material dient, in derzweiten Arbeitsstation 
benachbart zum Substrathalter angeordnet ist, 

wobei das Verfahren folgende Schritte aufweist: 

Erzeugen eines Vakuums in der Kammer, 

Einfuhren von Arbeitsgas und reaktlvem Gas in die Kammer, 

kontinuierliches Bewegen des Substrathalters uber die Einrichtungen, 

Betreiben der Zerstaubungseinrichtung mit einem damit verbundenen relativ niedrigen Partialdruck des reak- 
tiven Gases, um eine Schicht des ausgewahlten Materials auf dem Substrat abzuscheiden, und 
Betreiben der lonenquelleneinrichtung mit einem damit verbundenen relativ hohen Partialdruck des reaktiven 
Gases, um die ausgewahlte Reaktion wahrend eines einzigen Durchgangs des Substrathalters tm wesentli- 
chen abzuschlieSen. 

20. Verfahren nach Anspruch 1 9, dadurch gekennzeichnet. daf3 der Substrathalter ein rotierender zylindrischer Trager 
ist, der die Substrate langs seines Umtangs zum kontinulerlichen Vorbeibewegen der Substrate an der Zerstau- 
bungseinrichtung und der lonenquelle tragt, und daB die ausgewahlte Reaktion entlang einer Umfangsfiachenteil- 
zone des Tragers auftritt, welche eine Strecke aufweist, die wesentlich kleiner als eine Halfte des Umfangs des 
Tragers ist, und die ausgewahlte Reaktion wahrend einer Translation des Werkstuckes durch die Teilzone im 
wesentlichen abgeschlossen wird. 

21. Verfahren nach Anspruch 20, dadurch gekennzeichnet, da3 der zylindrische Trager drehbar auf dem Umfang des 
Tragers montiert ist und ausgewahlte Substrate oder Oberflachensegmente davon den Arbeitsstationen drehbar 
prasentiert. 

22. Verfahren nach Anspruch 21 , dadurch gekennzeichnet, daB die drehbare Befestigung fur den Trager eine Plane- 
tengetriebeanordnung, die sich im Zusammenhang mit der Drehung des zyiindrischen Tragers dreht, aufweist. 

23. Verfahren nach einem der Anspruche 19 bis 22. dadurch gekennzeichnet, daB der Su fast ratt rage r im wesentlichen 
flach und die Bewegung im wesentlichen linear ist. 

24. Verfahren nach einem der Anspruche 19 bis 23, weiter mit Betreiben der Zerstaubungseinrichtung zum Zerstau- 
bungsabscheiden von Schichten ausgewahlter Materialien auf das Substrat und Betreiben der lonenquellenein- 
richtung so. daB mindestens eine ausgewahlte der Schichten vor der Zerstaubungsabscheidung der nachstfol- 
genden Schicht reagieren gelassen wird. 

25. Verfahren nach einem der Anspruche 1 9 bis 24, in welchem mehrere lonenquelleneinnchtungen vorgesehen sind. 

26. Verfahren nach einem der Anspruche 1 9 bis 25, in welchem mehrere Zerstaubungseinrichtungen vorgesehen sind. 

27. Verfahren nach einem der Anspruche 19 bis 26, weiter mit selektivem Betreiben der Zerstaubungseinrichtung bzw. 
der Zerstaubungseinrichtungen und der lonenquelleneinrichtung bzw. der lonenquelleneinnchtungen um eine 
Mischbeschichtung zu bilden, die mindestens mehrere Schichten aufweist, von denen die Zusammensetzung jeder 
Schicht aus mindestens einem der folgenden Stoffe ausgewahit ist: ein erstes Metall, ein zweites Metall, ein Oxid 
des ersten Metalls, ein Oxid des zweiten Metalls, Gemische des ersten und zweiten Metalls und ein Oxid oder 
Gemische des ersten und zweiten Metalls. 

28. Verfahren nach einem der Anspruche 1 9 bis 27, weiter mit selektivem Betreiben einer ausgewahlten der Zerstau- 
bungseinrichtungen zum Zerstaubungsabscheiden von Schichten ausgewahlter Materialien auf dem Substrat und 
Betreiben einer ausgewahlten der tonenquelleneinrichtungen im Zusammenhang mit der Zufuhr ausgewahlten 
Reakttonsgases dazu. um die ausgewahlte Reaktion mit mindestens einer ausgewahlten der Schichten vor der 
Zerstaubungsabscheidung der nachstfolgenden Schicht zu bewirken. 

29. Verfahren nach einem der Anspruche 19 bis 28, dadurch gekennzeichnet, daB die ausgewahlte Reaktion eine 
Umwandlung der ausgewahlten Schichten in mindestens einen der folgenden Stoffe beinhaltet: Oxid, Nitrid, Hydrid, 
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Sulphid Oder kohlenstofthaltige Verbindung oder kohtenstoffhaltiges Gemisch. 

30. Verfahren nach einem der Anspruche 19 bis 28. worin die ausgewahlte Reaktlon eine Oxidation ist. 

31 . Verfahren nach einem der Anspruche 1 9 bis 30, ausgelegt zum Bilden von Monoschichtf itmen. Mehrschichtfilmen 
und Mehrschichtgemischfilmen ausgewahlter variabler oder konstanter Dickeprofile in der Richtung vonn Zentrum 
zum Rand des Substrata auf gekrummten Substraten, 

worin die magnetron unterstutzte Kathodenzerstaubungseinrichtung eine zugehdrige Zerstaubungszone rela- 
tiv langer Lange und relativ schmaler Weite hat und 

worin die ionenquelleneinrichtung eine zugehdrige Reaktionszone relativ langer Lange und relativ schmaler 
Breite zum Hervorrufen einer ausgewahlten Reaktion mit der abgeschiedenen Beschichtung entlang einer 
Umfangsteitzone des Tragers, die wesentlich kleiner als die Halfte des Umfangs des Tragers ist, hat 

und das welter folgendes aufweist: 

kontinuierliches Drehen des zyllndrlschen Werkstucktragers, 

Betreiben der Zerstaubungseinrlchtung zum Abscheiden mindestens einer Schicht ausgewahlten Materials 
auf dem sich drehenden Substrat und 

Betreiben der Ionenquelleneinrichtung zum Bewirken dervollstandigen und ausgewahlten Reaktlon wahrend 
eines einzigen Durchgangs des Werkstucks durch die Umfangsteilzone. 

32. Verfahren nach Anspruch 31 , welter mIt Steuern mindestens eines der folgenden Parameter zum Steuern des 
Dickeprofils des Films: Gesamtsystemdruck, kinetische Energiedeszerstaubten Materials. Masse des zerstaubten 
Materials , Masse des bel der Zerstaubungsabscheldung benutzten Arbeitsgases und Abstand zwischen Target 
und Substrat. 

33. Verfahren nach einem der Anspruche 18 bis 31, dadurch gekennzelchnet, da3 

die magnetronunterstutzte Zerstaubungseinrlchtung eine zugehorlge Zerstaubungszone mit einem ersten 
Partialdruckregime und mIt relativ langer Lange und relativ schmaler Breite zum Zerstaubungsabscheiden 
des ausgewahlten Materials auf das Werkstuck hat, 

die Ionenquelleneinrichtung ein lokal intensives Plasma in einer zugehorlgen Reaktionszone mit einem zwei- 
ten Partialdruckregime und mIt relativ langer Lange und relativ schmaler Breite zum Hervorrufen der ausge- 
wahlten Reaktion mit der abgeschiedenen Beschichtung entlang einer Umfangsteitzone des Tragers, die we- 
sentlich kleiner als die Halfte des Umfangs des Tragers ist, erzeugt und dabei eine ausgewahlte chemlsche 
Reaktlon mit dem ausgewahlten Material liefert, und 

der Trager kontinuierllch uber die Einrlchtungen bewegt wird und die Zerstaubungseinrlchtung und die Ionen- 
quelleneinrichtung kontinuierllch betrieben warden, um die Schicht ausgewahlten Materials auf dem Substrat 
abzuschelden und die ausgewahlte Reaktion wahrend eines einzigen Durchgangs des Substrathalters im 
wesentlichen abzuschlieBen. 



Revendications 

45 

1. Appareil de revetement par pulverisation comportant ; une chambre a vide (11 ) ; un support mobile (14) de subs- 
trats monte k I'int^rieur de la chambre ^ vide et sur lequel des substrats sont destines ^ etre months, afin qu'll 
deplace les substrats devant au moins des premier et second postes de travail physiquement espaces (26, 27, 
28), le premier posts de travail procurant une zone de pulverisation et le second posts de travail procurant une 

50 zone de reaction pour la mati^re pulverises formee dans le premier poste de travail ; caract6rls6 en ce qu'un 

dispositif (30) de pulverisation renforcee par magnetron est positionne au premier poste de travail et comprend 
une cible d'une matlere cholsle et des moyens destines a generer un premier plasma a I'lnterleur du dispositif, a 
proximity immediate du poste de travail et senslblement dans la totality d'une region 6tendue de la chambre com- 
prenant le second poste de travail, espace physiquement, pour deposer par pulverisation une matiere sur les 

55 substrats parcourant le premier poste de travail ; et un dispositif (30, 40) h source d'lons est positionne au second 

poste de travail pour appliquer un gaz r^actif le long d*une zone relativement 6troite adjacente au support de 
substrats formee par un second plasma localement intense comprenant des ions du gaz reactif, le dispositif k 
source d'tons ayant des moyens destines appliquer un potentiel dirige entre la source d'ions et ledit premier 
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plasma pour en accelerer les ions reactifs vers lesdits substrats afin de nnener h bien ladite reaction choisie avec 
la mati^re d^pos^e par putv^risation pendant une passe unique du support de substrats. 

2. Appareil de revetenaent par pulverisation selon la revendication 1 , caract6ris6 en ce que le dispositif (40) k source 
5 d'ions positionn6 au second poste de travail utilise des Electrons provenant dudit premier plasma dans la formation 

dudit second plasma d'ions du gaz reactlf. 

3. Appareil de revetement selon la revendication 2, caract6rise en ce que des moyens pour le dispositif de pulveri- 
sation (30) et le dispositif (40) a source d'ions sont prevus pour fonctionner simultanement. 

10 

4. Appareil de revetement selon Tune quelconque des revendications 1 a 3, caracterise en ce que ledit support mobile 
(14) est un element porteur cylindrique et des moyens (16) sont prevus pour laire tourner I'element porteur afin 
de d^placer les substrats au-del^ des premier et second postes de travail (26, 27 ; 28) ; et en ce que les postes 
de travail (26, 27 ; 28) sont positionnes de maniere qu'une reaction chimique choisie se produise le long d'une 

15 zone circonferentielle de I'element porteur comprenant sensiblement moins de la moitie de la circonference de 

r616ment porteur 

5. Appareil de revdtement selon la revendication 4, caracterise en ce que le dispositif (30) de pulverisation et ie 
dispositif (40) k source d'ions sont positionnes ^ I'exterieur de r6l6ment porteur cylindrique (14). 

20 

6. Appareil de revetement selon la revendication 4, caracterise en ce que le dispositif (30) de pulverisation et le 
dispositif (40) k source d'ions sont positionnes a Tinterieur de I'element porteur cylindrique (14). 

7. Appareil de revetement selon I'une quelconque des revendications 4^6, caracterise en ce que I'eiement porteur 
25 (U) comporte des moyens rotatifs (22A) de montage situes k la circonference de I'eiement porteur pour presenter 

de fa?on tournante des substrats choisis ou des segments de surface de ceux-ci aux postes de travail (26, 27, 28). 

8. Appareil de revetement selon la revendication 7, caracterise en ce que les moyens de montage rotatifs dans les 
moyens de support de substrats comprennent un train d'engrenages planetaire (22A) qui peut tourner conjointe- 

30 ment avec la rotation de I'eiement porteur cylindrique (14). 

9. Appareil de revetement selon I'une quelconque des revendications 1 a 8, caracterise en ce que le support de 
substrats est une bande flexible (73), et en ce qu'un tambour rotatif (14A) est prevu et comporte des moyens k 
bobines debitrice et receptrice (71, 72) destines a deplacer en continu ou par intermittence la bande flexible le 

35 long de la circonference du tambour ; et en ce que le dispositif (26, 27) de pulverisation a magnetron et le dispositif 

(28) a source d'ions sont positionnes le long de la peripherie du tambour pour former au moins une premiere 
matiere sur la bande ou des substrats montes sur elle. 

10. Appareil de revetement selon I'une quelconque des revendications 1 k 8, caracterise en ce que ledit support (43) 
40 de substrats est sensiblement plat et le mouvement est sensiblement lineaire. 

11. Appareil de revetement selon I'une quelconque des revendications 1^10, caracterise en ce que le dispositif de 
pulverisation est un dispositif k magnetron lineaire (30). 

^5 12. Appareil de revetement selon I'une quelconque des revendications 1^10, caracterise en ce que le dispositif (40) 
k source d'ions est un dispositif k magnetron lineaire. 

13. Appareil de revetement selon I'une quelconque des revendications 1 a 10, caracterise en ce que le dispositif (40) 
a source d'ions est un canon k ions. 

so 

14. Appareil de revetement selon I'une quelconque des revendications 1^13, caracterise en ce que le dispositif (40) 
a source d'ions est congu pour I'entree du gaz reactif pour convertir au moins partiellement la matiere deposee 
par pulverisation en au moins I'un d'un alliage ou d'un compose contenant un oxyde, un nitrure, un hydrure ou du 
carbon e. 

55 

15. Appareil de revetement selon I'une quelconque des revendications 1^13, caracterise en ce que le dispositif (40) 
a source d'ions est congu pour oxyder la matiere deposee par pulverisation. 
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10 



16. Apparei! de revetement selon I'une quelconque des revendications 1^15, comprenant plusieurs dispositifs (26. 
27) de pulverisation pour d^poser s6quentiellement ou simultan6ment par pulverisation au moins une matifere. 

17. Appareil de revetement selon I'une quelconque des revendications 1^16, connprenant plusieurs dispositifs (40) 
k sources d'ions destines a faire reagir un gaz reactif choisi avec la matiere deposee par pulverisation. 

18. Appareil de revetement selon I'une quelconque des revendications precedentes, caracterise en ce que les dispo- 
sitifs de depot et de reaction auxdits premier et second postes de travail peuvent etre mis en oeuvre sous diffdrents 
regimes de pressions partielles. 



19. Procede pour former des films monocouches et des films composes mullicouches sur des substrats dans une 
chambre a vide renfermant un support mobile de substrats, un premier poste de travail ayant une zone de pulve- 
risation pour former une couche de matiere pu!veris6e sur un substrat et un second poste de travail ayant une 
zone de reaction pour faire reagir la matiere pulveris§e, formee sur un substrat dans le premier poste de travail ; 

75 caracterise en ce qu'au moins un dispositif de pulverisation renforcee par magnetron est positionne au premier 

poste de travail, ^ proximite immediate du support de substrats, pour deposer par pulverisation une matiere choisie 
sur un substrat, et au moins un dispositif a source d'ions est positionne ^ proximite immediate du support de 
substrats au second poste de travail pour produire un plasma localement intense afin d'effectuer une reaction 
chimique choisie avec ladite matiere choisie, le precede comprenant les etapes consistant ^ tirer le vide dans la 

20 chambre, a introduire des gaz de travail et de reaction dans la chambre ; a deplacer en continu le support de 

substrats devant les dispositifs ; k faire fonctionner le dispositif de pulverisation avec une pression partielle asso- 
ciee relativement basse du gaz reactif pour deposer une couche de ladite matiere choisie sur le substrat ; et k 
faire fonctionner le dispositif a source d'ions avec une pression partielle associee relativement haute du gaz reactif 
pour mener k bien sensiblement la reaction choisie pendant une seule passe du support de substrats. 

25 

20. Procede selon la revendication 1 9, caracterise en ce que le support de substrats est un element porteur cylindrique 
tournant supportant les substrats le long de sa circonference pour deplacer en continu les substrats devant le 
dispositif de pulverisation et la source d'ions. et en ce que la reaction choisie se produit le long d'une zone frac- 
tionnaire de la surface circonferentielle de I'element porteur couvrant une distance sensiblement interieure a la 

30 moitie de la circonference de I'eiement porteur, et la reaction choisie est men6e k bien sensiblement pendant une 

translation de la piece dans ladite zone fractionnaire. 

21 . Procede selon la revendication 20„caracterise en ce que I'eiement porteur cylindrique est monte de fagon a pouvoir 
tourner k la circonference de I'eiement porteur et presente en rotation des substrats choisis ou des segments de 

35 surface de ceux-ci aux postes de travail. 

22. Procede selon la revendication 21 , caracterise en ce que le montage rotatif de I'eiement porteur comprend un train 
d'engrenage planetaire qui toume conjointement avec la rotation de I'eiement porteur cylindrique. 

40 23. Procede selon I'une quelconque des revendications 19 a 22, caracterise en ce que I'eiement porteur de substrats 
est sensiblement plat et le mouvement est sensiblement lin6aire. 

24. Procede selon I'une quelconque des revendications 19 ^ 23. consistant en outre a faire fonctionner le dispositif 
de pulverisation pour deposer par pulverisation des couches de matieres choisies sur le substrat et k faire fonc- 

45 tionner le dispositif k source d'ions pour faire reagir au moins certaines, choisies, des couches avant le depot par 

pulverisation de la couche immediatement suivante. 

25. Procede selon I'une quelconque des revendications 19 ^ 24, dans lequel plusieurs dispositifs k sources d'ions 
sont prevus. 

50 

26. Procede selon I'une quelconque des revendications 1 9 ^ 25, dans lequel plusieurs dispositifs de pulverisation sont 
prevus. 

27. Procede selon I'une quelconque des revendications 19 ^ 26, consistant en outre a faire fonctionner seiectivement 
55 les dispositifs de pulverisation et k source d'ions pour former un revetement composite comprenant au moins 

plusieurs couches, la composition de chaque couche 6tant choisie parmi au moins I'un d'un premier metal, d'un 
second metal, d'un oxyde du premier metal, d'un oxyde du second metal, de melanges des premier et second 
metaux et d'un oxyde ou de melanges des premier et second metaux. 
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28. Procede selon I'une quelconque des revendications 19 a 27, consistant en outre a faire fonctionner s6!ectivement 
certains, choisis, des dispositifs de pulv6risation pour d6poser par pulverisation des couches de matiferes choisies 
sur le substrat et a faire fonctionner certains, choisis, des dispositifs k sources d'ions conjointennent avec leur 
alimentation en un gaz de reaction choisi pour effectuer la reaction choisie avec au moins certaines, choisies, des 
couches avant le depot par pulverisation de la couche immediatement suivante. 

29. Procede selon I'une quelconque des revendications 19 a 28, caracterise en ce que la reaction choisie comprend 
la conversion des couches choisies en au moins un compose ou un melange contenant un oxyde, un nitrure. un 
hydrure, un sulfure ou du carbone. 

30. Procede selon I'une quelconque des revendications 19 a 28, dans lequel la reaction choisie est une oxydation. 

31 . Proc6de selon I'une quelconque des revendications 1 9 ^ 30, destine k former, sur des substrats courb6s, des films 
monocouches ; des films multicouches et des films composites multicouches ayant un profil d'6paisseur choisi, 
variable ou constant, dans la direction allant du centre au bord du substrat, dans lequel le dispositif a cathode de 
pulverisation renforc6e par magnetron pr^sente une zone associee de pulverisation de longueur relativement 
grande et de largeur relativement faible, et dans lequel le dispositif a source d'ions presente une zone associee 
de reaction de longueur relativement grande et de largeur relativement faible pour produire une reaction choisie 
avec le revetement d6pos6 le long d'une zone circonf6rentie!le fractionnaire de r6l6ment porteur, sensiblement 
inferieure a la moitie de la circonference de I'^lement porteur ; et consistant en outre a faire tourner en continu 
I'etement cylindrique porteur de pieces ; a faire fonctionner le dispositif de pulverisation pour deposer au moins 
une couche d'une matiere choisie sur le substrat tournant ; et k faire fonctionner le dispositif a source d'ions pour 
effectuer la reaction complete et choisie pendant un passage unique de la piece dans la zone circonferentielle 
fractionnaire. 

32. Procede selon la revendication 31, consistant en outre a regler au moins I'une de la pression totale du systeme. 
de I'dnergie cin6tique de la matiere pulv6ris6e, de la masse de la matiere pulv6risee, de la masse du gaz de travail 
utilise dans le depot par pulverisation et de la distance de la cible au substrat pour ajuster le profit d'epaisseur du 
film. 

33. Procede selon I'une quelconque des revendications 18 a 31, caracterise en ce que le dispositif de pulverisation 
renforcee par magnetron comporte une zone associee de pulverisation d'un premier regime de pression partielle 
et d'une longueur relativement grande et d'une largeur relativement faible pour deposer par pulverisation ladite 
matiere choisie sur la piece ; en ce que le dispositif k source d'ions forme un plasma localement intense dans une 
zone associee de reaction d'un second regime de pression partielle et d'une longueur relativement grande et d'une 
largeur relativement faible, pour produire ladite reaction choisie avec le revetement depose le long d'une zone 
circonferentielle fractionnaire de I'element porteur, sensiblement inferieure k la moitie de la circonference de I'ele- 
ment porteur, afin de produire une reaction chimique choisie avec la matiere choisie ; et en ce que I'element porteur 
est d6place en continu devant les dispositifs, et le dispositif de pulverisation et le dispositif a source d'ions son! 
mis en fonctionnement en continu pour deposer ladite couche de la matiere choisie sur le substrat et mener a bien 
sensiblement la reaction choisie au cours d'une seule passe du support de substrats. 
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